We thank Referee #1 for the careful review, constructive comments and appreciation of our work. Below we respond (indicated by R) to the comments (indicated by C).
R: Mass transport initial conditions and mass transport boundary condition are the right designations http://www.feflow.info/uploads/media/white_papers_vol1_01.pdf; (will be corrected in manuscript) C: P. 3487, L. 1 ff: I am not sure if I find it acceptable to fix the mass concentration on the surface nodes (=water table) . Shouldn't this be part of the solution? No wonder you get "nice results" as the whole Borkum is fixed by known concentrations at all sides. Or am I misunderstanding this? Wouldn't it be more logical to assign a recharge with an associated mass fraction (e.g. increased because of sea spray). A discussion of this would be appropriate, e.g.
R:
There are many applications in hydrological modelling where the use of Dirichlet boundary conditions for head or mass concentration is an appropriate method for solving tasks. An example for this can be a well field, in a steady state aquifer where the level of the groundwater table is known and the unknown delivery rates have to be computed. Here the heads have to be fixed by a 1st kind boundary condition. The flow to the wells can be detected then by a water balance tool.
It is correct to set fixed mass concentrations (TDS) at the surface of the aquifer (the water table) to compute the TDS at the subsurface. The mass concentration can be obtained from measurements of the pore water electric conductivity and airborne electromagnetic data as shown in Sect. 3.2. The propagation of the mass concentration from the surface to the subsurface is caused predominantly by recharge modelled as vertical flux using Neumann boundary conditions. Of cause, significant changes of this surface mass concentration generated by important hydrological events like construction of dikes or due to the proceeding flood caused by sea level change have to be constantly adapted during simulation runs. To achieve reliable prognosis results for sea level rise, the level of constant head boundary conditions representing the surface of the sea water was shifted for each time step during simulation. This was done by means of a linear function, beginning with 0 m in the year 2010 and ending with 0.96 in the year 2100.
Moreover, the area covered by this type of boundary conditions had to be extended more towards the shore, representing the risen mean sea level which will have progressed also in horizontal direction and will have been regularly flooding in 2100 an additional 25 % of the island (Fig. 18 right panel, in the manuscript). This would also imply that the constant mass transport boundary conditions will have to be adapted to full sea water concentration in these additionally flooded areas (see Fig. 1, below) The mass concentration at the surface of the aquifer is caused mainly by sea spray, flooding events and river upconing of sea water. There is no available data on these influences. Working with guessed parameters and setting flux boundary condition with an assigned (constant) mass fracture would lead to ambiguous results even if an appropriate fit would be achieved.
The method for setting boundary conditions in the Borkum model is common praxis in density-dependent ground water modelling, as documented in the technical reference manual of the FEFLWO distributer DHI-WASY GmbH http://www.feflow.info/uploads/media/white_papers_vol1_01.pdf Figure 15 , which shows an impressive fit of the simulated EC, the proxy HEM EC, and the EC estimated from the electrical chain. In the top (where EC is fixed?) there is a very good fit, which slightly gets worse with depth, although still impressive, and where you have good arguments why the electrical chain shows differences.
R: …satisfying agreement in the range of the expected calibration accuracy (Fig. 15) . Best fit between HEM and computed electric conductivity is achieved at the top slice (the water table) where a comprehensive high resolution data set is available. In particular, the apparent formation factor as define and determined in Sect. 3.1 is known at this location ( R: In areas above the free aquifer an unsaturated zone is considered by FEFLOW. The method and default parameters, which were used for this particular task, are described in the technical reference manual of the FEFLOW distributor DHI-WASY GmbH. http://www.feflow.info/uploads/media/white_papers_vol1_01.pdf C: L. 10: Some where you should mention how you specified recharge. R: …. subsurface is caused predominantly by recharge modelled as vertical flux using Neumann boundary conditions. … For the simulation of the ICPP A2 scenarios the flux boundary conditions which were used for recharge were specified as time varying linear functions, representing the increase of the recharge until the end of the current century. C: L. 26: Is it true that I count only 9 (nine) time steps to take the model from 1934 to March 2010? I find that hard to believe? R: The transient hydraulic calibration was conducted beginning with the time after the construction of the great south dike in 1934 until March 2010, being this latter the reference time. The calibration was carried out using large time steps for the discretization of the delivery rate (Fig. 2) , in the beginning (first 64 years and then 10 years) followed by shorter steps (three steps of one year and then three steps of one month). Due to the inertia of the system a calibration with a finer time discretization of the abstraction pattern does not yield better calibration accuracy. Each of these delivery intervals was further discretized by the automatic time step control of FEFLOW into about 45 further time steps, resulting in a total of about 360 time steps for one calibration run for the time span between the dike construction and reference time.
C: P. 3488, L. 10: I assume these relate to the 4 aquifers and 3 aquitards, perhaps show better? What did you assign for anisotropy, porosity, dispersion parameters, etc. R: Fixed flow parameters which were used in the model for all 4 aquifers are summarized in Table 2 . For the horizontal hydraulic conductivity k f , horizontal isotropy k fx /k fy =1 is assumed whereas a vertical anisotropy k fx /k fz of 1 -20 was determined by model calibration (Sect. 5). A value of 0.25 is assigned to the specific yield for all four aquifers which is in accordance with the pumping test results (Sulzbacher 2011). Mass transport parameters are presented in table 3. A porosity value of 0.25 was assumed for the whole ground water body, which is in consistent with the results of the MRS measurements (Sect. 3.1.2). To see how certain the computed density distribution for the new well configuration is, additional sea level rise scenarios with different recharge rates from 2010 until 2100 (very dry scenario with no recharge increase, average scenario with linear recharge increase of 0-10% and linear increase of recharge 0 -15%, wet scenario) were carried out. Model results show that for all these scenarios the obtained well configurations for both water works (Fig. 22) are valid and the salinization of the drinking water for all delivery wells remains below the permitted limit.
C: P. 3497, L. 13: Thoroughly.
R: What is wrong?
C: L. 15: Travel times, can not conclude since no data or analysis.
R: All about age estimation has been dropped.
C: Table 1 : What do the various T columns mean?
R: Table 1 . Transmissivity (T) obtained from pumping tests. According to the configuration of the pumping test for all locations of the loggers in the draw down area with 2,5,10 m … distance to the pumping location, transmissivities T(2m), T(5m), T(10m) … were computed and averaged to one transmissivity T at the pumping location. R: I think we will omit it. The text should be sufficient to understanding the content.
C: Figure 9 , shows how complex the mesh is but also a bit difficult to see.
R: Figure 9 has been improved. R: Quality of figures will be improved.
